Gas-phase electronic spectra of the coronene ( + C H 24 12 ) and corannulene ( + C H 20 10 ) cations complexed with helium have been recorded in a quadrupole ion trap at 5 K by photodissociation. The electronic spectrum of + C H 20 10 with two helium atoms was also measured to estimate the perturbation. This method is sufficient for an astronomical comparison because the shift due to the weakly bound helium is on the order of 0.2 Å.
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Introduction
Diffuse interstellar bands (DIBs) are attributed to gas-phase molecules partly because of the resemblance of unresolved rotational contours recorded in astronomical spectra at different line of sights. Carbon-containing species, such as polycyclic aromatic hydrocarbons (PAHs), have been proposed as possible candidates (Léger & d'Hendecourt 1985; Van der Zwet & Allamandola 1985; Steglich et al. 2011) . Carbon has a tendency to form complex molecules and has a large galactic abundance of 0.6% that of hydrogen. PAHs composed of more than 40-50 carbon atoms are photostable and are less likely to fragment from the UV flux in the interstellar medium (ISM; Tielens 2008) . Unidentified infrared emission bands, assigned to vibrational de-excitation of aromatic compounds (Sellgren 1984; Mackie et al. 2015) , show that ionic and neutral PAHs could be widespread in the ISM and possibly contain approximately 20% of the carbon in space.
DIBs are observed toward different binary star systems in the 4000-9000 Å region. To identify a specific molecule as a potential carrier, its electronic absorption spectrum is usually obtained in a rare-gas matrix and, subsequently, in the gas phase at low temperatures. In the past, spectra have been recorded for dozens of carbon chains and rings in the gas phase, neutral and cationic. None could be correlated with DIBs, and only upper limits of the column densities were inferred (Zack & Maier 2014) . PAH cations have been previously studied in rare-gas matrices (Mattioda et al. 2005) ; however, they remain a challenge for gas-phase laboratory observations (Pino et al. 2014; Salama & Ehrenfreund 2014) . Most often gas-phase electronic spectra were recorded by monitoring the photofragmentation of the molecule as a function of the wavelength, because large ionic species (>20 carbon atoms) have low quantum efficiencies for fluorescence and are not in high enough densities for direct absorption. Electronic spectra could not be recorded in the gas phase for large or even medium-size PAH + s (Salama & Ehrenfreund 2014 (Hardy et al. 2013; Patzer et al. 2013; Rice et al. 2014; Noble et al. 2015) . It is now thought that if H + PAHs are in the ISM, they must contain >40 carbon atoms.
Coronene (C 24 H 12 ) and corannulene (C 20 H 10 ) are two members of the PAH family. C 24 H 12 is a highly symmetric peri-condensed PAH (D 6h ), while C 20 H 10 (C 5v ) presents some unique properties for astronomical detection because of its dipole moment of 2.1D (Lovas et al. 2005 ). Structurally, C 20 H 10 is the smallest PAH adopting a bowl shape, given by its central five-membered ring and being a third of C 60 . Recently, laboratory spectra confirmed that gas-phase + C 60 is a DIB carrier (Campbell et al. 2015 (Campbell et al. , 2016a , making C 20 H 10 of particular interest as a possible building block of C 60 .
A method to obtain the electronic spectrum of larger ions consists of attaching a rare-gas atom and monitoring the photodissociation of the complex (Patzer et al. 2013) . A number of electronic spectra were obtained using argon as a messenger, but the perturbations on the absorption bands are too large to make a reliable comparison with astronomical data (Pino et al. 2014) . A weakly bound helium atom has significantly less distortion on the observed features in the electronic spectrum (Bieske et al. 1992; Chalyavi et al. 2015; Campbell et al. 2016b ). The efficient production of helium complexes requires an ion trap for confinement of the charged species and to increase the interaction time with the buffer gas (Johnson et al. 2014; Roithová et al. 2016) .
If present in the ISM, coronene and corannulene would also be ionized by UV radiation. In this article the approach adopted to obtain gas-phase spectra of coronene and corannulene cations under conditions in diffuse interstellar clouds with the internal degrees of freedom equilibrated to approximately 10 K is described and the laboratory data are compared with the astronomical observations. Measurements involve the use of a radio frequency (rf) trap, collisional cooling with 5 K helium, and a laser excitation-dissociation scheme.
Experimental Method
The experimental setup has been described . Cations are created in electron impact from vapors of coronene or corannulene heated to ≈150°C. Ions from the source are accumulated in a hexapole, where collisions with residual gas from the source narrow the kinetic energy distribution. The exit potential is lowered, and cations are released into a quadrupole mass selector, discriminating + C H 24 12 or + C H 20 10 . The ion beam is deflected 90°, injected into an rf-only octupole, and transported to a cryogenic ion trap, confining positive species in the radial and axial directions.
A 36 mm long wire quadrupole trap (Jašík et al. 2013 ) is mounted on the second stage of a closed-cycle helium cryostat at 4 K and filled with ≈10 5 ions per cycle. The sequence is 200 ms for injecting cations into a 4-pole, followed by 800 ms of cooling, while triggering laser irradiation at 10 Hz. Within the cryogenic environment C 24
complexes are produced in a quadrupole. A piezo-valve introduced helium buffer gas into the trap from the beginning of the filling period, achieving after a few milliseconds a helium density of ≈5×10 15 cm −3 . This leads to one collision of a PAH + with a helium atom per microsecond. At the end of a cycle, the buffer gas is pumped out before the ions are ejected, for detecting photofragmentation products. Positive species exiting the trap are collimated by electrodes, deflected 90°, and transported into the second 4-pole mass filter. The latter selected m/z=254 or 304, and a depletion in m/z is monitored as a function of laser wavelength (R=300,000) to record an electronic spectrum.
Results and Discussion
The electronic spectrum of + C H 24 12 in the 4000-10000 Å region was first recorded in a 4 K neon matrix (Ehrenfreund et al. 1992) . In this experiment two absorptions at 4590 and 9465 Å were observed with experimentally estimated oscillator strengths of ≈0.01 and 0.002 (Ehrenfreund et al. 1992 ). Subsequent gas-phase investigations by multiphoton dissociation (MPD; Useli-Bacchitta et al. 2010) led to the observations of two bands at 4570 and 4320 Å and assigned to higher excitations ¬ X D E u 11,10 2 2 of + C H 24 12 . In that experiment, the internal temperature of the ions was 35 K, and the MPD process leads to broadening effects of the bands due to the heating of the ion ensemble.
Two absorptions were observed in the gas phase by recording a depletion of the + C H He 24 12 -complexes (Figure 1, black) . The ¬ X A E E g u 2 1 2 2 electronic transition of + C H He 24 12 -consists of one band at 9438.3±0.2 Å blueshifted to the neon matrix value by ≈30 Å. The observed band has a width of 1.2 Å, and no rotational structure is apparent with the resolving power of the laser (R=94,000). This corresponds to an excited lifetime of a few picoseconds. This is in agreement with the threshold photoelectron spectrum (TPES), having a band maximum at 9500±200 Å . If the excited state is split into two separate J-T levels, the upper states would share the intensity and have the same band strength in the electronic spectrum. This is not observed in the presented measurements. In the first excited state, the inferred J-T effect would then be less than the laser bandwidth. In the TPES of coronene, only a vibrational progression is seen, but no splitting of ≈100 cm
2 electronic transition at 4570 ±10 Å shows no vibrational structure and is blueshifted compared to the neon matrix absorption by ≈20 Å. In TPES the band maximum is shifted similarly as in crystalline neon and located at 4542 Å. The red trace on the left of Figure 1 was recorded by monitoring the depletion of the complexes (m/z = 304), and that in black was measured using m/z = 300. This confirms that ions from m/z = 304 boil off the helium atom and do not fragment further into other dissociation channels. The absorption band maximum wavelength is in agreement with the MPD data, and any spectral broadening is due to the excited-state lifetime (≈50 fs). The widths of the bands in the MPD experiment are broader owing to the higher internal temperature of the ion.
The electronic spectrum of + C H 20 10 in the 6000 Å region was first recorded in a 6 K neon matrix after mass-selected deposition . The gas-phase electronic spectrum of transitions were recorded first with a lowerresolution laser with a 1 Å bandwidth (Figure 2) . Absorption features A and D in Figure 2 (insets) were also measured with 0.02 Å resolution. An unresolved rotational contour can be observed, which resembles a perpendicular transition of an asymmetric-top molecule in A. This is due to the strong Qbranch in the rotational profile; however, this is not the case for D, where the Q-branch is weaker and blended into the unresolved rotational profile.
To estimate the perturbation of tagging, the spectrum with two helium atoms attached was recorded with a resolution of 0.02 Å (Figure 2) . For the origin band at 5882.6 Å, the FWHM increases from 0.5 to 0.7 Å with no significant shift. In the case of the origin band at 5996.0 Å, the FWHM increases from 0.5 to 0.6 Å with a redshift of 0.1 Å. The excited-state lifetime can be estimated to be a few picoseconds. The absorption band maximum of + C H 20 10 itself can be expected to be blueshifted by ≈0.1 Å with respect to the given wavelength and possibly have a narrower FWHM. Previously, the electronic spectra of were measured to determine the shift induced by tagging and concluded to be 0.7 Å per helium atom (Campbell et al. 2016b) . This is slightly larger than for -. However, these shifts are smaller than the typical uncertainty in the astronomical data, and thus such results can be used for identifying DIB candidates.
A comparison was made for bands A and D (Figure 2 ) with DIB measurements toward HD 183143 (Hobbs et al. 2009 ) and HD 204827 (Hobbs et al. 2008) . Though absorption A is similar in position and width to a DIB around 5995.9 Å, that of D is not observed. In addition, the less intense bands in the electronic spectrum of + C H 20 10 could not be matched with any DIB. Given a helium perturbation of up to 0.7 Å, the absorptions of + C H He 24 12 -at 9438.3 and 4570 Å were also not present in the cataloged DIB data from HD 183143 and HD 204827. The conclusion is that corannulene and coronene cations are not DIB carriers, and that their column density is below the detection limit of 10 12 cm −2 .
Conclusions
The objective of this paper was to determine experimental wavelengths and bandwidths of the transitions to the lowest excited electronic state of coronene and corannulene cations at an internal temperature of ≈10 K, similar to the ISM. The presented gas-phase electronic transitions of and + C H 20 10 provide a means of spectroscopic identification in the ISM or planetary atmospheres. These species have absorptions that lie in the DIB range (∼4000-9000 Å) and can be compared to astronomical data. The results were all negative, having an estimated upper limit of the column density of <10 (D, E, F) transitions. Bands A and D were measured with a laser power of 50 μJ/pulse and a resolution of 0.02 Å (black and red insets, respectively). These two absorptions were recorded with one (black) and two (red) helium atoms attached to the corannulene cation.
